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MICROSTRUCI’URE AND PROPERTIESOF IN-SITU R.F. SPUTTERED
YBa2Cu~07-x THIN FILMS FOR MICROWAVE APPLICATIONS

David W. Rcagor*, Margaritu E. Piza** , Robcr[ J. Houlton*, Fernando H. Gilrzon*,
Marilyn Hawley* und Ian D. R;listrick*,
*Los Alamos Na(i:mal Laboratory, Los Alamos, NM 87545.
** Dcpt, Materials Scicncc, Massachussct[s Institute of Technology

ABSTMCT

The residual surface rcsi[ancc of a number of films of YBa2Cu307, prepared by

off-axis sputtering onto MgO substralcs, has been measured using a parallcl-
platc resonator tcchniquc. Deposition conditions were kept consuml, apart from
[hc substrate tcmpcraturc. There is no correlation bc[wccn surface rcsislancc
and other important microscopic parameters, such as Tc and c-axis lattice

parameter. There is,however, a trend [o higher Rs with increasing volume

frac[ion of in-plane misoricntcd material, although the :orrclation is nol perfect.
Furthermore, wc have found (ha[ most of the misoricntcd material is localized
at the film suhstratc in[crfacc and thcrcforc is probably not responsible for
most of the RF 10SSCS. The data suggest tha[ at higher deposition tcmpcruturcs,

there is an increasing tendency for 450-misoricntcd mu[crial to appciir in the
films, and it may bc [ha[ u significant fraction of this ma[crial is prcscn[ closer

10 [hc free film surfncc. STM qualitiilivcly suppmts this conclusion.

lN7”RODUCr10N

The dCVClOpIIICII[ of Inicrowilvc [cchn(dogy hils been onc of [hc iirCils of I“OCIIS

forhigh [crnpcru[urc supcrconduc[or” (11’1’S) i~pplic:ii[iolls. “lqhc curly siii~cs ()(

rcscilrcll hiiv~ c[llphiisi~d pilssivc microwuvc componcnt~; such iis fillers,
rcsonu[ors,” uml dcluy Iincsm The pcrformilncc [)f lhcsc dcviccs (Iclwnds on I!IC
surfticc rcsis[ilncc of [hc miltcriill iltl(j Iowcr 10SS results in superior comp(mcnts,

Surface rcsis[tincc htis a very complex origin, CVCI1 in lhC CiiSC 01 lr~ldili(lflill

sllpcf-cond(lc[ ors.” AI tcmpcri~turcs low ~olllpilrcd wi[h “rc, t]licros!rllcl~ltoill

dCViilli(lllS ~rum pcrrccl crys[allinily, l“illllCr lhilll illlJ’ inlrinsic Iosscs ilSSl)L’i;lt L?(l

will] IIIC lll:llUl iill, will (Iclcrnlillc [II(! l“CSill Uill Sllll”ill’(! r(!Si S[illlt”C. ‘I”llis is CICill’1~

[hC L!lISC ill [[”1’S Clll)ril[W, WIICI”C SCC[)II(l l)llilSCS, 01” Ill;lll!l’iili 111;11 is 1)()[

Cry Sl:lllogrill)lli Cillly WCII illi~!llld, :11’C I(II(IWII 10 illcrcwc IIIC S(ll’l”ilL’C rcsisl; tllcc,
S[udici+ 01” c-tixis t)ricnlwl spul[crcd films hllvc suggcslcd [ I I 111:11lhc

llliCl”OWilVC. loss is proporli(m;ll” [() Ilw illllo Ull[ 01” lllil[C1’iill l’olil[Cd 45° ill”OUll(l

[h: ~’-:lxis, ‘I”hc rcsul[s rcp(wlcll here were olll:lil]wl (m I“illns dcposilcd usinj:
111~ SillllC lcchlli(luc, Ulldul’ silllililr (“otldilionsl” illl(l CXillllillL: Iltis su~!~:cs[ioll

I“llrlll cl”.
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diamc[cr stoichiomctric [argct of YBii2Cu307. The substrates (I cm2 (1(K)) MgO)

were used as rccci”cd from the vendor [3] and were faslcncd to the hca[cr
block using a silver-conttiining ccmcni. TIIC dcposi[ion puramctcrs ilrc givcl~ in

the ti~blcbelow. Tcmpcraturc wus monilorcd using iin IR pyromclcr rcuding on
the Subtilia[c hciitcr h]ock.

The microwave surface resistance was measured with a parallel plate rcsonulor
kcbniquc [4], The method uscs a thin diclcc[ric (0.5 -roil-thick tcflon)
sandwiched bclwccn two superconducting films. This parallel plate struclurc
has a very low impedance and, hccausc the high impcdancc outside of the
resonator, the edge of the s[ructurc cffcctivcly has an open boundary condition.

The radiation Q of this structure is high (- 105) am! the surfiicc area to volume
ralio is large, Icading to a sensitivity of a fcw microohrns. The samples must bc
used in pairs and in this study wc used single films paired with a niobium

rcfcrcncc. Mcasurcmcn[s were made at 4K und approximately 10 GHz. AL this
tcmpcralurc all of lhc rncasurcd surface rcsis[auccs should correspond to

residual values. All of the films were completely c-tixis perpendicular to lhc
limit of dctcclion of the diffractomclcr. Latlicc partimctcrs were oblaincd from
lhc (007) reflection. In-plane micntalion wus ohlaincd by comparing lhc

relative intcnsilics of the off-axis {012} rcflcclion in successive 45(’ increments
in aII azimu;hal (chi-) scan. Critical tcmpcmturcs were ohlaincd by
mcusurcmcnl (Ii the rcactivc impcdimcc of il coil induc[ivcly c(mplcd to the
filnl, operated at a frequency of I () kHz.
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pressure, power, clc., have no( been optimized here.

When Tc and c-axis la[ticc puramctcr arc cxilmincd (Fig. 2) it is clear that the

films arc microscopically far from pcrfcc[. The highcsl Tc’s arc obtained for

films deposited with substraic tcmpcraturcs atmvc 7MWC, whereas [hc Iowcst
values of Rs occur at significantly lower tcmpcralurcs. The c-axis lat[icc

parameter is longer than that found in stoichiomctric bulk materials (1. 168
rim), In agreemcnl with others [ 1], thcrcforc, wc find no obvicus correlation

between microscopic disorder and surface resistance.

We have attempted to assess mcsoscalc disorder by x-ray tcx[urc analysis and

STM studies of the surface topology of a Iargc numhcr of films. The surface

resistance is plotted as a function of the vol~~mc fraction of 45~-misoricntcd
material in Fig. 3. Although the [rend in [hc plot suggests a conncc[ion bc[wccn
these quantities the correlation is quite wciik, implying thtit other fac[ors arc

also important.

Bccausc the films have different thickncsscs, wc have measured of lhc amounl

of 450-misoricntcd matcriid as a function of thickness, bo[h for the films shown

in Table 1, and for an additional series of films deposited a[ a cons[an[
tcrnpcraturc, hut for different lengths of time, All of these results arc shown in
Fig. 4. 1( is clear that there is a very s[ronjj dcpcndcncc of the amount of

misoricnlcd mntcrial on [hickncss. In fac[ [here is an cxccllcnl rcciprt)cai
rcla[ionship bc[wccn [hcsc quun[i[ics, The simplcs[ inlcrprclu[ion of ibis rcsull
is that most of the misorlcntcd Inil[crii]l Iics in a very thin layer al the
filndsuhstratc intcrfncc. This is qualil;l~ivcly supporicd by the STM studies. In
[hc films with the I(}wcsl Its wc were uImhlc ItI [ind My gr;lins of misoricn[d

n~il(c~iill iIt th~ surfil~c, SU~h grili[ls i]rc Il(irmiilly :il~l~ilrcll[ b~~ilusc of the
polygonizalion which CilllSCS lhcm 10 cxhihi[ il s(luurc ]1)’rillllidill grow!h

morphology. In filn]s dcposi[cd ;11 Ilighcl” lClllpCrillU1’L!S gl”ilill S rolillCd 45° tire
more common illld CilSily vixiblcm

The rcliltiollship shown in I;ig. 4 :Illows us [0 m)rln,lli7.c the volut]w ‘Xr 01”
misoricnlcd lllill~l”iill wilh r~*spctml 10 Ihc Villi;ll)l L! l“ilill lhi~. knuss, 111 l;ip. S wt.
Ihcrcl”orc p]ol lhc producl ot” volui Hc ff’:l(”[ioll 01” tlliy(}riclll(~tl Ill;l[cl’i;ll ;11111 I“ill]l

lhickmss vs [IN dcl)ositiol)” tt[l]p~rii[(lr~. W(! I’illd IIlill 111191L’is ii lll”(~il(l

mininlutn ill [his quullli[y itll(l illl[)VC ilholli 7[)(1°(” IIICI’U Is c’f’il.icntly illl

iflCrCilS1’Ll lCndcllCy [() produce nli:lorictllt:(” lll:llCriill.



some other mcsoscalc disorder (e.g. Iow-angle grain houndarics [5]) which arc
also prcsenl, but nol quantified by the prcscnl cxpcrimcnts. The situation is

further complictitcd by the STM observation that surfucc grain size incrcascs
considerably m Ihc film lhickncss incrcascs [6].

CONCLUS1ONS

The principal finding of [his study may bc sl!mmarlw d as follows.

1. There is no obvious correlation bctwccn Rs and microscopic materials

properticti such as Tc or c-axis lattice paramc[cr.

2. There is a IOOSC correlation between Rs and volume % 01. 45~-mi soricntcd

malcrial.
3. X-ray data suggest that mosl of the misoricntcd material Iics at the
film/substrate intcrfacc and woul~ thcrcforc bc relatively incffcctivc in
Icading 1(.I microwave 10SSCS in the cxpcrimcntal configuration used here.
4. Under the deposition conditions used here, the volume % of misroricntcd
material is not a strong function of deposition tcmpcraturc but shows some

cvidcncc of an incrcasc abnvc 7000C, which mtiy bc associated with lhc
rapid incrcasc in surface rcsislancc observed in films dcposilcd iibovc this
tcmpcr~turc.

In addition wc know that the oxygen p;wtial pressure pliIys a critical role in

determining the orientation of grains. It is by no means certain that the
dcpcndcncc of Rs on substrtilc tcmpcrtilurc observed here is ncccssurily [rue

under o[hcr dcposi [ion conditions.
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Figulc Capiions

Fig. 1. The surface rcsis!,ancc mcusurcd al IOGHZ and 4K p]ol[cd aguinsl
deposition tcmpcraturc.
Fig. 2. Critical lcmpcraturc and c-axis lattice paramclcr p]ol(cd vs deposition
lcmpcralurc.

Fig. 3. The surface rcsislancc plotted vs total amount of 450-rotated matcriul.

Fig. 4. The percent of 450-misoricntcd material vs film (hickncss.
Fig. 5. Product of volume % misoricnted ma[crial and film thickness plotted
against deposition temperature.
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